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1 Introduction

1.1 Background

The Federal Highway Administration’s (FHWA) Road Weather Management Program (RWMP)
has established a research agenda, referred to as their programmatic ‘road map,’ that identifies
the integration of weather information into the operations of Transportation Management Centers
(TMCs) across the country as a key objective. Integrating weather information supports the
capability of state and local transportation agencies to better manage their traffic, dispatch
maintenance crews and respond appropriately and in a timely way to weather-induced problems
affecting the transportation system. Well-integrated weather information allows TMC operators
to make effective and timely management and operational decisions based on quality information
related to weather forecasts, the anticipated timing and intensity of weather events, the
interaction of weather conditions with the road surface, and the type and availability of
appropriate transportation management devices and systems. Integrated weather information
positions a TMC to be proactive rather than reactive with regard to the operations and
maintenance of their transportation infrastructure, and supports a set of activities that can be
characterized as advisory, treatment and control.

The objectives of this study are to prepare a detailed self-evaluation guide that will assist TMCs
in identifying appropriate weather integration strategies, given their current level of weather
integration and their desire for additional operational capabilities through enhanced weather
integration. This project sought to assist two TMCs in developing a weather integration plan
based on integration strategies identified through their self-evaluation. These two TMCs were
selected to work with and help refine the self-evaluation guide and integration planning process.

The intended next steps along the RWMP ‘road map’ will include selecting additional TMCs to
work with the guide and implement weather integration enhancements into their TMC
operations. More specific suggestions are presented in a set of sequenced recommendations
described in Chapter 6.

1.2 Prior Integration Study

The FHWA RWMP, in partnership with the FHWA Emergency Transportation Operations
Program, completed a survey and analysis of how weather and emergency information are being
integrated into the operations of TMCs throughout the country. The goal of this study was to
identify best practices and develop guidance to enhance the operations of TMCs during
inclement weather and emergency situations. The final report from this study® summarized how
weather and emergency information and decision-support systems are being integrated in thirty
eight TMCs around the US, and explores strategies for applying practical, effective concepts and
methods of integration in the future. The report discussed a framework for integration, the
current state of the practice, potential benefits, and challenges associated with integrating
weather and emergency information in TMCs. This report also offered a number of

! Cluett, C., Kitchener, F., Shank, D., Osborne, L., and Conger, S. (2006). Integration of Emergency and Weather
Elements into Transportation Management Centers (Report No. FHWA-HOP-06-090. EDL No. 14247).
Washington, DC: Federal Highway Administration. Available at
http://ops.fhwa.dot.gov/weather/resources/publications/tcmintegration/index.htm
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recommendations for how weather integration could be encouraged and supported. One of these
recommendations has led to the work that is discussed in this report; namely, a recommendation
that TMCs “should conduct a self-evaluation to help identify the most effective integration
solutions and guide their deployment.” A comprehensive self-evaluation process is described in
this report, and the suggested integration solutions that emerge from this self-evaluation lead
directly to the development of a weather integration plan that the TMC can follow to achieve
increased integration.

1.3 Expected Benefits of Weather Integration

Working through the self-evaluation process will help TMCs assess their needs for weather
integration, offer specific candidate integration strategies that they can implement, and clarify the
benefits they could expect to derive from enhanced weather integration. Some of the expected
benefits from enhance integration include the following:

e Well-informed operational staff who understand the effects of weather events on road
conditions and transportation system performance.

e Timely operational weather-related decision making.

e Operational understanding of available weather integration tools and how to use them
effectively ina TMC.

e The ability to effectively utilize forecast weather events and prepare proactively before
serious problems arise.

e The recognition of the value of a weather perspective imbedded in the TMC concept of
operations and accepted as the preferred way of conducting the functions of the TMC.,

A long-run objective and benefit of having a TMC work through this process from self-
evaluation to plan development and implementation of integration strategies, is expected to be
improved operational performance in responding to traffic conditions influenced by weather
events. Ultimately, the goal is for the TMC managers and operators to fully embrace a culture
that supports the use of new technologies and strategies for dealing with inclement weather.
Thus, technical changes are expected to be incorporated along with institutional and
organizational culture changes. The goal is for TMC operators to recognize the importance of
road weather in their operations, to understand and use the tools that are available to assist them
in better managing weather-influenced events, and to proactively seek out and access other
resources in support of more effectively interpreting weather phenomena in the context of their
transportation mission.

As a generalization, weather integration is at a relatively low level in most TMCs across the
country. In many it is non-existent at this time, even though weather, in some form, is affecting
safety and mobility in every state. To address this deficiency, the goals of the RWMP include:

e Maximize the use and availability of road weather information and technologies.
e Expand road weather research and development.

e Promote technology transfer of effective road weather scientific and technological
advances.



The RWMP’s ‘roadmap’ of desired growth in road weather utilization is structured to meet these
goals, and the underlying assumption is that the benefits of increased weather integration in
TMC operations will be substantial.






2 Literature Review

Prior to development of a self-evaluation guide, it was important to understand the nature of
weather impacts on capacity and speed reductions, impacts on safety and, impacts on
institutional coordination, to ensure that the self-evaluation and the integration solutions address
the right concerns.

The literature review focused on developing the framework for what the self-evaluation guide
should look like, and review prior weather integration work. The review brought to light the
following:

e Recent relevant literature for road weather management and research findings as they
pertain to weather integration.

o Implications of the effects of weather event characteristics on traffic operations and TMC
functions.

e Examples of weather integration solutions used in TMCs.
e Examples of self-evaluation guides in current use.

The next two sections discuss selected findings from the review.

2.1 Weather Integration State of the Practice

The potential to reduce or avoid the impacts of weather on transportation system operations
provides the rationale for improved weather integration within TMCs. The process by which this
occurs is greatly facilitated through both the identification of concepts, or ideas, by which
effective and optimal integration may occur and the methods that show how the concepts can be
realized and effectively implemented. The concepts that provide the most effective pathway for
integration for a particular TMC will depend upon the needs and issues central to a specific
transportation network. However, the success of any weather integration effort must begin with
solid concepts that describe what integration looks like in a particular TMC application.

The report titled Integration of Emergency and Weather Elements into Transportation
Management Centers® examined the level of integration at TMC sites in terms of the
extensiveness of implementation along five dimensions, as follows:

e Operational Integration
e Physical Integration

e Technical Integration

e Procedural Integration
e Institutional Integration

The report identified concepts and strategies for weather-responsive traffic operations and
incorporates the three mitigation strategies: advisory, control, and treatment. This report
developed a framework for weather integration. State-of-the-practice and the best practices are

2 Cluett. C. et al.



also identified in the report (pages 59-60) as well as a compendium of integration strategies
across the various dimensions for TMCs (pages 61-67). While the concepts and strategies
presented in the final report were expected to be the foundation of the weather integration
solutions presented in the guidance developed for this task, additional best practices in road
weather management were identified and reviewed for incorporation into the solution set. Some
of the findings are described below:

e In North Carolina, the City of Charlotte Department of Transportation (DOT) manages
the operation of 615 traffic signals with a computerized control system. In the central
business district weather-related signal timing plans are utilized at 149 signals to reduce
traffic speeds during severe weather conditions. System operators assess traffic and
weather conditions by viewing Closed Circuit Television (CCTV) video images and
receiving weather forecasts. Forecast data are available through radio and television
broadcasts, the National Weather Service (NWS) website, and a private weather service
vendor. When heavy rain, snow, or icy conditions are observed operators access the
signal computer and manually implement weather-related timing plans. To slow the
progression speed of traffic these signal timing plans increase the cycle length — which is
typically 90 seconds — while offsets and splits remain the same. During off-peak periods
operators may also select peak period timing patterns, which are designed for lower
traffic speeds. Travel speeds decrease by five to ten miles per hour (mph) when weather-
related signal timing is utilized.’

e In Houston, co-located agencies manage flooding and weather events at TranStar. Traffic
and emergency managers use central computers to monitor CCTV video, Environmental
Sensor Station (ESS) data, and information from the NWS and private vendors (e.g.,
radar, river forecasts). When established threshold criteria for weather conditions and
traffic impacts are met, the Emergency Operations Center (EOC) in the TranStar facility
is activated and computers send alarms to maintenance managers (via email and pager).
Managers from each agency coordinate to plan appropriate responses and to warn
motorists. The transit authority uses ESS data to manage operations in High Occupancy
Vehicle (HOV) lanes which are prone to icing and flooding. If warranted, maintenance
personnel will erect barricades to close flooded roadways.*

e The Washington State Department of Transportation employs variable speed limit
message signs on a 40-mile (64-kilometer) segment of 1-90 to improve roadway safety in
the presence of fog, snow, and ice. A University of Washington study found that
although speed variance increased slightly, speed management reduced average speed by
up to 13 percent.’

e In Arizona, a variety of independent applications to monitor roadway conditions and
activities across the state include traffic counts, weather data, signal timing, Variable

3 Goodwin, L.C. (2003). Best Practices for Road Weather Management, Version 2.0 (FHWA-OP-03-081).
Washington, DC: Federal Highway Administration. Available at
http://ops.fhwa.dot.gov/weather/best_practices/CaseStudiesFINALv2-RPT.pdf
4 -

Ibid.
® Ibid.


http://ops.fhwa.dot.gov/weather/best_practices/CaseStudiesFINALv2-RPT.pdf

Message Sign (VMS) advisory messages, video signals, and statewide Highway
Condition Reporting System (HCRS) events that were consolidated to a “single-screen”
view. The implementation of this capability involved the development of software
interfaces with device driver applications via the Internet and intranet. This resulted in
the centralization and improved availability and archiving of traffic data derived from the
associated Intelligent Transportation Systems (ITS) field devices, as well as data from the
Advanced Traveler Information System (ATIS) via the HCRS. This outcome improved
the real-time aspect of the operational management of the state highway system.®

The New Jersey Turnpike Authority traffic and emergency management personnel in the
Transportation Operations Center (TOC) monitor environmental data to determine when
speed limits should be lowered. When speed reductions are warranted, sign assemblies
are manually activated to post a decrease in speed limits in five-mph increments from 50,
55, or 65 mph to 30 mph depending on prevailing conditions. System operators may also
disseminate regulatory and warning messages via Dynamic Message Signs (DMS) and
Highway Advisory Radio (HAR). State police officers enforce the lower speed limits by
issuing summonses to drivers exceeding the posted limit. When the vehicle detection and
Road Weather Information System (RWIS) subsystems indicate that traffic and weather
conditions have returned to normal, the original speed limits are restored. This control
strategy effectively decreases traffic speeds in adverse conditions. Speed management
and traveler information dissemination have improved safety by reducing the frequency
and severity of weather-related crashes.’

A road management system has been implemented in Japan to support decisions
concerning when to mobilize snow removal organizations and perform snow removal
work, and also to provide information seamlessly to road users.® Figure 1, recreated from
the report, shows the road management support system flow — the procedure followed to
convert road weather data to forecasting traveling speed and forecasting travel time, plus
the procedures road managers will follow to utilize these forecasts and procedures for the
use of this information by road users.

The Finnish Road Administration is planning the integration of road weather information
and traffic detection for traffic control for two cases in Finland.® For a high-risk three-
way intersection with ice and snow events, road weather information has been planned
for use with traffic information so that the speed limit values of implemented variable
speed limit signs are appropriate not only at prevailing traffic conditions but also at
dominant road weather conditions. For a stretch of freeway, weather-related parameters
(including wind speed and direction, air temperatures, road surface and road structure,
humidity, intensity and state of precipitation, visibility, state of the road surface and state

® 1bid.
7 Ibid.

8 Yamada, T. and Maruyama, T. (2002). Construction of a road management support system using information
forecast. Proceedings of the 11th International Road Weather Conference. Sapporo, Japan: SIRWEC. Available at
http://www.sirwec.org/en/index.php?page=../conferences/sapporo2002

° Portaankorva, P. (2002). Road Weather and Traffic Data in Traffic Management. Proceedings of the 11th
International Road Weather Conference. Sapporo, Japan: SIRWEC. Available at
http://www.sirwec.org/en/index.php?page=../conferences/sapporo2002
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of the bridge deck over the river) are used in conjunction with real-time traffic
information (like traffic volume, queue length and headway information and the speed of
traffic) to automatically adjust speed limits.
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Figure 1. Road Management System

The National ITS architecture framework includes several services or market packages that are
directly relevant to weather integration such as Road Weather Data Collection, Weather
Information Processing and Distribution; Winter Maintenance; Maintenance and Construction
Vehicle Tracking; Roadway Automated Treatment; and Maintenance and Construction Activity
Coordination. These market packages illustrate the coordination and desired information
exchanges between traffic management, maintenance management, field devices, and weather
information service providers.™

19°U.S. Department of Transportation (2007, April). National ITS Architecture, Version 6.0. Available at
www.iteris.com/itsarch.
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It is also important to ensure that the “weather-integration” plan developed as part of this project
addresses the following four critical elements identified in the weather-responsive traffic
management concept of operations:**

1. Basic operational objectives — what are the operational goals of the TMC that drive the
day-to-day activities of traffic managers and constitute their core mission?

2. Information gathering and impact assessment — When weather events occur or are
predicted to occur, traffic managers need to gather information on the event and assess its
impacts.

3. Operational strategies — During a significant weather event, traffic managers implement a
series of specific operational strategies that are designed to meet the basic operational
objectives identified above.

4. Transportation outcomes — Operational strategies are designed to achieve specific
transportation outcomes that can be clearly identified and measured.

2.2 Self-Evaluation Structure and Formats

Self-evaluation is a familiar theme in the transportation community, especially in the ITS
integration area. An important element of the ITS Integration Program, managed by the U.S.
Department of Transportation (USDOT) ITS Joint Program Office (JPO), is to assess how well
the selected projects perform at meeting program goals and to share their experiences with
others. However, the self-evaluation approach and framework for the ITS Integration Program is
significantly different from what is needed for this project.

For this project, the self-evaluation needs to assess the current situation, the future vision, and
identify methods to reach a desired state of operations. In other words, the self-evaluation needs
to be introspective and prescriptive. Fewer examples exist in the TMCs or the general ITS arena
of assessing entire programs to identify gaps, needs and options.

In recent years, while not specific to TMCs, several such assessments, evaluations, or report
cards have been created by FHWA and other agencies or organizations in the areas of incident
management, work zones, statewide traffic operations, emergency transportation operations, and
traffic signal operations. This section describes the various structures, the assessment
methodologies and techniques used in these evaluations. Most of the self-evaluations are
structured as a series of questions to be answered by a group of stakeholders identified by the
agency conducting the self-evaluation. These evaluations are usually accompanied by a scoring
guide and explanations of the questions. The following describes the important characteristics of
several of the more recent self-evaluations developed by FHWA and other agencies.

1 Cambridge Systematics. (2003). Weather-Responsive Traffic Management Concept of Operations (Draft).
Washington, DC: Federal Highway Administration. Available at
http://ops.fhwa.dot.gov/Weather/best_practices/WeatherConOps0103.pdf



The Traffic Incident Management Self-Assessment Guide? - The Traffic Incident
Management (TIM) Self-Assessment (SA) is a tool to be used by state and regional
program managers to assess their achievement of a successful multi-agency program to
manage traffic incidents effectively and safely. The TIM SA consists of a series of
questions, grouped under three sections: program and institutional issues, operational
issues, communications, and technology issues. These questions are designed to allow
those with traffic incident management responsibilities to evaluate program performance
in specific organizational and procedural categories. Conducted as a facilitated group
exercise, the TIM SA provides a format for discussion among the group members aimed
at reaching a consensus on various aspects of a traffic incident management program.

An important aspect of the SA is the level of guidance provided to the agency performing
the self-assessment. The SA spreadsheet is accompanied by a guide that describes the
key pieces of information essential to ensure a consistent self-evaluation by different
agencies. The guide includes:

- Background and Purpose
- Facilitator’s Guide

- Scoring Guidance —offers specific guidance for each question in the self-
assessment to assist those assessing their programs to better evaluate their
program performance.

The Work Zone Mobility and Safety Self-Assessment (WZ SA)* tool consists of a set of
questions designed to assist those with work zone management responsibilities in
assessing their programs, procedures, and practices against many of the good work zone
practices in use today. The WZ SA consists of a guide and a score sheet. The Guide
describes how to conduct and score the WZ SA and delineates and explains the WZ SA
questions.

The Roadway Operations Internal Self-Assessment tool* has been designed to help
agencies assess their roadway operations and system management performance. Its goal
is to help an agency evaluate its operational effectiveness, both in terms of its internal
processes and the degree to which it serves its customers. The SA is structured into two
major areas — organizational and business results. Each area is divided into categories
and questions under each area. The SA tool has been created as an Access database that

2Federal Highway Administration. (2004). Traffic Incident Management (TIM) Self-Assessment Guide. Available at
http://www.iacptechnology.org/IncidentManagement/TrafficincidentMgmtAssesGuide.pdf

3 Federal Highway Administration. (2004). Work Zone Self-Assessment. Available at:
http://ops.fhwa.dot.gov/wz/decision_support/self-assess.htm

“FHWA. 2004. Roadway Operations Self-Assessment: Version 2.0. Prepared by Cambridge Systematics and PB
Farradyne. (April).
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Figure 2). An interesting feature is the ability of the user to select weights ranging from
not applicable (0) to very important (10) for each question and categories (e.g.

leadership, planning) under each area. While this weighting allows an agency to pick and
choose questions of relevance to their self-assessment, it makes comparisons of final
scores between agencies meaningless. In other words, the SA will not necessarily
provide a basis for comparison with other agencies, but will instead highlight areas in
which improvements can be made.
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Figure 2. Roadway Operations Self-Assessment Database

e The Traffic Signal Operations Self-Assessment® consists of six sections. Each section
contains a number of questions concerning traffic signal operation policies and practices.
Respondents are asked to rate the extent to which a particular policy or practice has been
adopted by the agency. The self-assessment is designed to describe the benchmark for
traffic signal operation practice. Each question is followed by a short description that
illustrates outstanding practice (a score of “5”). This provides the agency with a target
for improving its traffic signal operation. It is not anticipated that any agency will have a
perfect score. The SA is intended to be completed as a group exercise and submitted
online.

The four SA tools above are great tools for assessing the efficacy of different transportation
management programs or functions. However, the focus is on rating the entire program rather
than prescribing solutions to problems. Also, three of the SA models (incident management,
work zones and traffic signals) are intended to generate national or aggregate ratings. While the
ratings for individual questions and the discussions generated during the group exercise clearly
point to gaps and action items, the afore-mentioned SA tools do not clearly prescribe the next
steps or the improvement strategies required. These SAs stop at taking an introspective look at a

15 National Transportation Operations Coalition. (2004). Traffic Signal Operation Self-Assessment. Washington, DC:
Institute of Transportation Engineers. Available at http://www.ite.org/selfassessment/
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program and determining where they stand in comparison to either a perfect program or to other
agencies’ programs.

A self-assessment methodology that provides guidance based on the results has been developed
for emergency transportation operations. The Guide for Emergency Transportation Operations*®
is designed to support the development of a formal program for the improved management of
traffic incidents, natural disasters, security events, and other emergencies on the highway system.
The guidance framework contains two self-assessment areas — Institutions and Leadership, and
Operations and Technology.

Under each of the two areas, two related tools for process improvement are provided in the
guide:
1. A self-evaluation that allows managers to determine current strengths and weaknesses
and thereby focus on the relevant part of the guidance material.

2. General strategies and tactics related to the area.

For the operations and technology area, the guide suggests strategies and tactics at two levels of
operation — the base level and advanced level, that are determined based on responses to the self-
assessment. The guide also identifies the indicators for advancing to the next level of operations.

In summary, the ETO Guide is the closest example of the type of self-evaluation guide required
for this project on integrating weather with TMC operations. Also, similar to ETO, there are no
clear “best practices” that are widely accepted or adopted by TMCs for weather integration, and
there is new technology available that could support improved weather operations that TMCs
might be unaware of leading to missing significant performance improvement opportunities.

The ETO guide illustrates the importance of providing not only an assessment but also education
of the new possibilities that is also envisioned in the self-evaluation guide for this project.

A key lesson from the review of the SAs is that all of them recommend using a facilitator-led,
consensus building process in conducting the self-evaluation. In fact, the discussion and the
consensus-building from the exercise are often claimed as the major achievements of the self-
evaluation. Table 1 below describes the Work Zone SA process.

Similarly, the TIM SA Guide includes a Facilitator Guide that provides the facilitator or
facilitating agency with enough background and instruction to prepare for the conduct of the
assessment, and to ensure its successful completion. Among the issues addressed are:

1. Pre-Meeting Preparations
2. Meeting Facilitation Strategies
3. Post-Meeting Actions

18 ockwood, S., O’Laughlin, J., Keever, D., and Weiss, K. (2005). Surface Transportation Security, Volume 6:
Guide for Emergency Transportation Operations (NCHRP Report 525). Washington, DC: Transportation Research
Board. Available at http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_525v6.pdf
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The TIM SA Guide recommends that while the size of the group will be dictated by the
geographic area being assessed, the assessment should be conducted with no less than five
participants and no more than 20.

Table 1. Suggestions for the Work Zone Self-Assessment

Assemble a team of participants that is fully versed in planning, designing, constructing,
maintaining, and operating the transportation system.

Provide participants with the assessment guide and score sheet in advance so that they may
become familiar with the questions and the basis for the questions.

Ask the participants to bring their score sheets and guide with them to the assessment exercise.

Have a designated facilitator for the meeting(s).

Encourage open discussion about each topic area to better understand the participants'
responses.

Discuss the final score in each topic section and collect information on any practices, policies, and
procedures that are proving successful for the participant in reducing congestion and crashes in
work zones.
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3 Development of the Self-Evaluation Guide

The literature review yielded important insights that were used in the development of the Self-
Evaluation Guide and resulted in a useful integration plan with one TMC using the guide. Some
of the relevant findings include:

The greatest value of reviewing several self-evaluation guides is in understanding
the approach and format used. In recent years, there has been a focus on developing
self-evaluation approaches for TMCs. Existing self-evaluations for incident
management, traffic signal operation, and work zones are good models for assessing
programs (those are agency-wide, not just for TMCs). However, they do not directly
prescribe strategies or solutions to improve the program. Their greatest value to this
project is the approach and the format they identify to conduct the self-evaluation. One
example of relating the self-evaluation to strategies and guidance has been developed for
emergency transportation operations.

The prioritization of responses for different categories is likely be more useful for
this project than an approach of aggregated weighted rankings of questions. All
self-evaluations have been structured as checklists with accompanying documentation
explaining the questions, choices and scoring systems. However, most of the self-
evaluations have been set up to generate a rating for the program. Due to the need to
generate a single metric, the scoring systems usually involve the aggregation of weighted
ratings of questions. As these self-evaluations were reviewed, it was clear that this
project need not develop a single metric, and it is more important to be able to prioritize
responses in different categories.

An electronic format for the self-evaluation is preferred because of its ease of use.
The format of the self-evaluation varies widely from paper-based checklists to web
pages, spreadsheets and relational databases. Given the complexity of information, an
electronic format as used in the TIM self-assessment is attractive because of its ease of
development and use.

Self-evaluations are best performed as a facilitated group exercise. The self-
evaluations are typically not intended for a single person to complete. Rather, they are
most successful when implemented by a facilitated group of knowledgeable individuals
encompassing various aspects of TMC operations. In fact, some of the evaluations
mention the discussions and consensus developed as part of this exercise as one of the
main benefits of self-evaluation.

The precursor study — Integration of Emergency and Weather Elements into
Transportation Management Centers — offers a detailed source of weather integration
strategies and framework. This study served as the framework for developing the
guidelines for weather integration. This included the development of the dimensions of
weather integration and strategies for integration that derived from the practices
employed by the more advanced TMCs across the country.

The “Best Practices for Road Weather Management” report provides a valuable
source for additional ideas for weather integration. Examples include variable speed
limits, localized motorist warning systems, access control strategies (e.g., road/bridge
closures, high-profile vehicle restrictions), weather-related signal timing and incident
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detection, integrated traffic and weather data management 